Background: Microarray platforms will change immunochemical and nucleic acid-based analysis of cell homogenates and body fluids compared with classic analyses. Microarrays use labeled target and immobilized probes, rather than fixed targets and labeled probes. We describe a method for simultaneous labeling of nucleic acids and proteins. Methods: Horseradish peroxidase-and fluoresceinmodified cisplatin derivatives were used for labeling of nucleic acids and proteins. These reagents, called the Universal Linkage System (ULS), bind to sulfur-and nitrogen-donor ligands present in amino acids and nucleotides. For automated screening of proteins and nucleic acids on microarrays, it is advantageous to label these biomolecules without pre-or postpurification procedures. The labeling of antibodies and nucleic acids in whole serum was therefore pursued. Results: Immunoglobulins in nonpurified serum were labeled efficiently enough to be used for immunochemistry. To investigate whether protein-adapted labeling allowed nucleic acid labeling as well, 1 g of plasmid DNA was added to 1 L of serum. DNA and serum proteins were simultaneously labeled, and this labeled DNA could be used as a probe for direct fluorescence in situ hybridization.
The specific interaction of biomolecules underlies cytochemical methods such as immunocytochemistry (antigens and antibodies) and in situ hybridization (complementary nucleic acid sequences). These methods share a common factor: a specific reagent is labeled with a reporter molecule to investigate target molecules present in cells, tissues, or chromosomes. Frequently used reporter molecules are fluorophores, enzymes, or electron dense particles.
Technical developments of the last few years, mainly in the area of genomic research, have led to the application of a reversed approach in which the target molecule in extracts, homogenates, or body fluids is labeled and then applied to platforms that contain the capture molecule. One of the early examples is comparative genomic hybridization (1 ) . With the introduction of array technology, the use of this approach has increased. Thus, target labeling is increasingly applied in research and is foreseen in diagnostic applications. Because the latter may be based on the identification of nucleic acids (DNA and RNA) and proteins in the same specimen, there is a need for a procedure that labels biomolecules in a sample, in a single step, irrespective of their nature.
Methods for target labeling must meet additional demands (2 ) for routine clinical analysis. Because thousands of samples per analysis are required, the number of labeling reactions will increase as the amount of target material decreases. Furthermore, purification steps should be avoided to maintain the biomolecule ratio in the sample and to decrease assay times as well as prevent sample contamination.
We describe the use of cisplatin derivatives for the target labeling of nucleic acids and proteins. The reagents that were used are called the Universal Linkage System (ULS) 4 (3 ) , and they have been used for the labeling of nucleic acids in various hybridization applications with applications in molecular biology, cell biology, pathology, and cytogenetics (3) (4) (5) (6) . In nucleic acids, ULS reagents link to guanine and, less frequently, to adenine (7 ) . In proteins they link to free thiol groups (cysteine), methionine, and histidine (8, 9 ) . The reporter molecules that are used for ULS labeling are either fluorophores or haptens and thus do restrict ULS-based target labeling to nonenzymatic fluorescent methods only.
Horseradish peroxidase (HRP) is frequently used as a label for nucleic acids in combination with sensitive chemiluminescence detection in case of filter hybridization (10, 11 ) . Larger DNA probes, such as PCR products and plasmids suitable for filter hybridizations, can be labeled according to the method of Renz and Kurz (12 ) . When these labeled probes were combined with luminol as the chemiluminescent substrate, the sensitivities of Southern and Northern blotting applications were reported to be comparable to those radioactive methods (13 ) . Although this method would suggest that other nucleic acid probes, such as RNA and oligonucleotides, can also be labeled, it appears to be restricted to DNA probes. Different methods to modify oligonucleotides with HRP have been described (14, 15 ) . Fluorescence detection allows the use of HRP-labeled oligonucleotides for fluorescence in situ hybridization (FISH) (15, 16 ) . HRP-labeled oligonucleotides were used in combination with tyramide signal amplification (TSA) (17) (18) (19) and allowed sensitive FISH applications, such as the detection of highly and moderately repetitive DNA sequences in metaphase preparations (15 ) and the detection of lowabundance mRNA in cells (16 ) . We describe here the synthesis of HRP-ULS ® , a new label for the ULS system. Whole serum was used to investigate the use of ULS for protein target labeling. To investigate simultaneous labeling of nucleic acids and proteins, a plasmid probe was added to serum. ELISAs were used to visualize serum-labeled antibodies. In addition, the principle of simultaneous labeling of nucleic acids and proteins was pursued because this would allow for the same-labeled mixture to be analyzed for genomics as well as proteomics (20 ) without the need of different labeling procedures or purification steps.
Materials and Methods preparation of hrp-modified platination reagents
The general outline of the synthesis of HRP-ULS is shown in Fig. 1 . The first phase of the synthesis involved the preparation of hexanediamine-modified deoxyguanosine (1): 10.5 mg of 2Ј-deoxyguanosine 5Ј-triphosphate (sodium salt; cat no. G-8877; Sigma) was dissolved in 1.0 mL of Millipore-quality water; 13. The second step of the synthesis was the preparation of HRP-guanosine conjugates (2): 21.9 mg of HRP (cat. no. 31491; Pierce) was dissolved in 1.0 mL of a 50 mmol/L sodium acetate buffer, pH 5.5, and 137 L of a freshly prepared 100 mmol/L solution of sodium periodate (cat. no. 30200; BDH Chemicals Ltd.) in MilliQ water was then added. The color rapidly changed from brown to green. This solution was incubated for 2 h on ice. Thirty microliters of diethylene glycol (cat. no. 803131; Merck) was added to stop the reaction. After an additional incubation for 15 min on ice, the reaction mixture was purified on a 10 ϫ 1 cm Sephadex-G50 column (PD-10 Prepacked Disposable Column; product code 17-0851-01; APBiotech) with 50 mmol/L sodium phosphate, pH 7.5, as the eluent. The colored fractions were pooled (ϳ2.5 mL), and 6.5 mg of hexanediamine-modified deoxyguanosine in 1.0 mL of MilliQ water was added. This mixture was allowed to react for 2 h at room temperature. The remaining aldehyde moieties were reduced by the addition of 137 L of a 60 g/L solution of sodium cyanoborohydride (cat. no. 16855; Acros) in MilliQ water. After a 2-h incubation on ice, the product was purified and concentrated to 75 L with Centricon 30 devices (cat. no. 4208; Amicon) according to the supplied manual. The HRP concentration was 70 g/L, and the activity was 28 500 kilounits/L. 
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The third step was the preparation of HRP-ULS reagent (3): to 1.0 mg of guanosine-modified HRP (15 L of product 2) in 50 mmol/L sodium phosphate, pH7.5, 50 L of a 57 mmol/L solution of cisplatin-Cl-NO 3 (4) in MilliQ water was added. The mixture was allowed to react for 15 min at 42°C, and then 60 L of 10 mmol/L Tris-HCl, pH 9.0, was added, mixed, and incubated for 15 min at 42°C, followed by a 20-h incubation at 25°C. HRP-ULS was purified from unreacted cisplatin and concentrated to 100 L using Centricon 30 devices according to the supplied manual. The HRP concentration was 10 g/L, and the activity was 3900 kilounits/L. HRP-ULS reagents could be stored at 4°C for 6 months without loss of labeling performance.
hrp labeling of nucleic acids
For comparison, double-stranded DNA probes were labeled with HRP, using HRP-ULS reagents as well as with the enhanced chemiluminescence (ECL) labeling and detection reagent set (cat. no. RPN3000; APBiotech). The probes used were specific for human papillomavirus type 6 (HPV-6) and human chromosome 1q12 (4 ) . Before labeling with HRP, the double-stranded DNA probes (100 ng in 10 L of Tris-EDTA) were denatured by incubation for 5 min at 100°C, followed by incubation on ice for 5 min. For ULS labeling, 40 g (4 L) of HRP-ULS was added to 100 ng of denatured DNA probe. Reaction times varied, and a reaction time of 15 min at 37°C was sufficient. The probes were immediately diluted in hybridization mixture and used for hybridization within 24 h. ECL labeling was done according to the instructions provided by the manufacturer.
filter hybridizations and fish
For filter hybridization assays, a threefold dilution series of unlabeled HPV-6 DNA was spotted onto Hybond-Nϩ (cat. no. RPN303B; APBiotech) and hybridized with HRPlabeled HPV-6 probes. Filter hybridizations were performed with reagents from the ECL reagent set and according to the supplied instructions.
For the HRP-labeled 1q12 probe on human metaphase chromosomes, pretreatment was performed as described by Cooke and Hindley (21 ) . HRP-labeled probes were hybridized at concentrations of 2-5 mg/L in ECL-gold hybridization mixture (cat. no. RPN3006; APBiotech). Hybridization times varied from 1 to 16 h at 37°C. After hybridization, the slides were washed twice (5 min each time) in 2ϫ standard saline citrate containing 1 mL/L Tween 20 at 37°C, followed by two stringent washes (3 min each) in 2ϫ standard saline citrate containing 500 mL/L formamide at 42°C. After a short wash in phosphate-buffered saline (PBS) at room temperature, slides were subjected to fluorescent TSA detection as described by van Gijlswijk et al. (15 ) .
hrp labeling of avidin
Avidin-D (Vector Laboratories) was labeled with HRP-ULS by incubation of 100 g of avidin in 100 L of PBS with 25 g of HRP-ULS for 16 h at 37°C. The remaining reactive platinum sites were blocked with 44 mmol/L sodium diethyldithiocarbamate (cat. no. 21161; Acros), and the conjugate was used without further purification.
Avidin-HRP conjugates were tested for their performance in ELISA. Biotinylated bovine serum albumin [BSA; 10 mg/L in PBS; 1 mg of BSA (Sigma type V) was labeled with biotin-lc-succinimidyl ester (Pierce) to ϳ4 biotin molecules/BSA molecule] was coated overnight at room temperature in 96-well plates (high binding; Greiner). As negative controls, some wells were coated with unlabeled BSA (Sigma type V). After four washes with PBS, the plates were blocked with 30 g/L BSA in PBS. The wells were emptied and incubated for 1 h at 37°C with avidin-HRP conjugates at various concentrations. A commercially available avidin-HRP conjugate 
uls labeling of whole serum
Normal goat serum (Sigma) as well as mouse IgG-immunized goat serum (Sigma) were used for target labeling with ULS. One microliter of serum was diluted in 50 L of PBS, and various amounts of fluorescein-or HRP-ULS were added. The addition of 15 g of fluorescein-ULS or 10 L of HRP-ULS was optimal. After an overnight incubation at 37°C, the reaction was quenched with 5 L of 44 mmol/L sodium diethyldithiocarbamate (Acros 21161). Mouse IgG (Sigma; 4 mg/L in PBS) was coated to 96-well plates and blocked as described above. The wells were incubated with different dilutions of the labeled sera. Fluorescein-labeled sera were incubated with a HRPlabeled rabbit anti-fluorescein antibody (Kreatech Diagnostics). Incubation solutions, washes, and detection with TMB were performed as described for avidin-HRP conjugates.
Plasmids containing the 1.77-kb fragment that hybridizes to human chromosome 1q12 (a generous gift of Dr. H. Cooke, UCLA, Los Angeles, CA) were sonicated to a fragment length of 200 -300 bp. This DNA was added to human serum in various amounts, and this mixture was labeled as described above. Part of the labeled serum was used for hybridization and part for ELISA. Without any purification serum was diluted in hybridization mixture to a DNA concentration of 1 mg/L. FISH was performed on human chromosome preparations as described previClinical Chemistry 48, No. 8, 2002 ously (15 ) . The labeling of proteins in this mixture was determined by analyzing the labeling of human IgM in serum. Rabbit anti-human IgM antibodies (Dako) were coated onto the plates (10 mg/L in PBS for 2 h at 37°C). After four washes with PBS, the plates were blocked with 30 g/L BSA in PBS. The wells were emptied and incubated for 1 h at 37°C with fluorescein-labeled serum, followed by an anti-fluorescein-HRP incubation step and TMB detection as described above. A solution containing 20 g/L casein, 10 g/L BSA, and 0.5 g/L thimerosal in PBS was used as incubation buffer for the ELISA.
Results
Several synthetic approaches were undertaken to modify HRP by platinum-based reactive groups. Because cisplatin binds to proteins, the straightforward synthesis of HRP-ULS involves incubating HRP with this bifunctional platinum reagent. A HRP-bound monofunctional platinum group was obtained. Determination of the platinum concentration by flameless atomic absorbance spectroscopy showed platination of HRP at ϳ1 platinum/HRP molecule and, thus, one reactive group per HRP. However, for DNA labeling, relatively high concentrations of HRP-ULS had to be used, which combined with prolonged incubation times decreased HRP activity to 20% and consequently yielded suboptimal results for filter hybridizations.
To increase binding of a platinum unit to HRP, guanosine, which is known to be very reactive toward platinum derivatives, was conjugated to the protein. dGTP was conjugated to 1,6-diaminohexane to yield amino-dGTP. Amino-dGTP was coupled to HRP, and this conjugate was subsequently modified with a platinum species. By varying the chemistry, we obtained products with different degrees of platinum modification. These spaced HRP-ULS reagents allowed much lower platinum concentrations as well as milder reaction conditions for the last step of the preparation of HRP-ULS, better preserving HRP activity. The product described in Materials and Methods contains 5.5 Ϯ 0.5 platinum molecules/HRP molecule. When applied for filter hybridization, HPV-6 probes prepared with HRP-ULS performed at least as well as the control, which was prepared with the ECL method (Fig. 2) . Fig. 3 shows that HRP-labeled probes could be used for TSA-based FISH.
Variations in chemistry included the use of carbohydrazide as spacer in place of 1,6-diaminohexane, which eliminated the need for a final borohydride reduction step. In addition, GTP modification of HRP was done in reverse order: polyamino-HRP was prepared by periodate oxidation and coupling with a diamino reagent, followed purification by gel filtration and incubation with GTP, 1-(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride, and imidazole. After reaction with dichloro-(ethylenediamine)platinum(II) [Pt(en)Cl 2 ], each method yielded platinum-to-HRP ratios comparable to the method described in Materials and Methods.
Avidin was used to investigate protein labeling with HRP-ULS. As shown in Fig. 4 , biotin-reactive HRPlabeled avidin was obtained after incubation with HRP-ULS. Furthermore, labeling was at least as efficient as with standard HRP-labeled avidin. Optimum ratios of avidin to HRP-ULS were empirically determined by labeling small quantities of avidin (10 -50 g) with various concentrations of HRP-ULS, which were then tested for their biotin-binding capacity in ELISA.
In addition, goat serum was used as a model for protein labeling in highly complex mixtures. Whole goat serum containing antibodies against mouse IgG was labeled with ULS, and an ELISA was used to monitor labeled anti-mouse antibodies in the serum. Serum from a nonimmunized goat was used as a negative control. As shown in Fig. 5 , labeled mouse IgG-reactive antibodies The probe was hybridized on nylon membranes containing spots of HPV-6 DNA ranging from 1000 to 0.1 pg. An ECL signal could be detected for concentrations up to 1 pg. Fig. 3 . Fluorescence detection of plasmid probe pUC1.77 labeled with HRP-ULS.
The probe was hybridized on metaphase spreads and detected using the Cyanine 3 tyramide detection system (Perkin Elmer Life Sciences). Fluorescence signals are visible on the centromere of chromosome 1 (1q1.2).
were obtained with both fluorescein-ULS and HRP-ULS in the immunized serum but not in the control. Similar to avidin, the optimum ULS-to-protein ratios were empirically determined.
These optimum conditions were subsequently used for the simultaneous labeling of nucleic acids and proteins within the same mixture. For this purpose, 1 g of the DNA probe was added to 1 L of human serum, and this mixture was allowed to react with fluorescein-ULS. The mixture was then tested by direct fluorescence hybridization and ELISA with detection by labeled human IgM. As shown in Fig. 6B , the pUC1.77 DNA in the mixture was labeled sufficiently to show specific hybridization signals on human chromosome 1q12 (21 ) . FISH results were easily detected by direct fluorescence and appeared as bright as the control probe labeled in the absence of protein. The efficiency of protein labeling in this mixture is shown in Fig. 6A . A capture-ELISA for human IgM was used to monitor fluorescein labeling. Detection limits were Ͻ50 g/L IgM.
Discussion
The results described here show the application of a method to synthesize a reactive HRP-labeled ULS reagent that was used to label both nucleic acids and proteins based on coordination chemistry. Both fluorescein-ULS and HRP-ULS were used for target labeling of immunoglobulins and DNA in whole serum. HRP-ULS-labeled probes were used in different hybridization formats, and labeled immunochemical reagents were tested in an ELISA. Introduction of a spacer between HRP and the nucleobase or amino-acid-specific reactive group as well as the introduction of multiple reactive groups on a single HRP allowed for mild reaction conditions for HRP labeling of biomolecules. Mild conditions are important for preservation of enzyme activity and probe stability. Because double-stranded DNA must be denatured before labeling with a heat-or pH-sensitive enzyme, minimal incubation times would allow minimal renaturation of the probe. Furthermore, nucleic acids that Clinical Chemistry 48, No. 8, 2002 are sensitive to degradation, such as RNA, would also benefit from short incubation times. In filter hybridization applications, HRP-ULS-labeled probes were as sensitive as the ECL method, which is known for sensitive filter applications such as Southern and Northern blotting (13 ) . Furthermore, we showed that HRP-ULS-labeled probes combined with a TSA reaction could be used in FISH applications.
Avidin was used to investigate protein labeling with HRP-ULS. Small quantities were labeled with various concentrations of HRP-ULS. The reaction could easily be scaled up for optimum ratios. Avidin retained its biotinbinding capacity, and performance was comparable to that for commercially available avidin-HRP conjugates.
Different ULS reagents were used for the target labeling of nucleic acids and proteins. Fluorescent labeling of different biomolecules and subsequent detection using nucleic acid-and/or protein-array-bound probes on microarrays would allow quick analyses of thousands of nucleic acids and/or proteomes (20 ) . The applications of this method could be numerous because many different kinds of targets in cell lysates and body fluids can be labeled and analyzed by a single detection step. For routine screening of samples, it would be beneficial to minimize or exclude purification steps for the lysates or fluids. We investigated whether ULS chemistry allows labeling of serum without purification before or after labeling. The targets used for labeling were IgG, IgM, and DNA in serum. As shown in Fig. 5 , immunoreactive IgG was obtained after labeling with fluorescein-ULS as well as with HRP-ULS. The procedure involved only the dilution of serum, addition of the ULS reagent, and incubation. After the remaining reactive ULS was inactivated, the mixture was used for ELISA without any purification.
Simultaneous labeling of proteins and nucleic acids in, for example, cell lysates would allow for more direct comparison of genomes and proteomes. As shown in Fig.  6 , ULS chemistry also allows for combined labeling of nucleic acids and proteins without any pre-or postlabeling purification step. As a model system, a plasmid probe was added to serum to investigate whether nucleic acids and proteins can both be labeled simultaneously and efficiently enough to allow detection in immunoassays as well as hybridization assays. The labeled mixture could be diluted directly into hybridization buffer, denatured, and used for a fluorescence hybridization assay. The same mixture was used for ELISA.
The labeling efficiencies of IgG, IgM, and DNA allowed for sensitive detection in various assays. In the ELISA, fluorescein-ULS enabled the use of serum dilutions ranging from 1:5000 for IgM to 1:25 000 for IgG. For example, in-serum-labeled antibodies of tuberculosis patients were detected on 96-well plates coated with a Mycobacterium tuberculoses antigen mixture with a sensitivity and specificity similar to indirectly detected immunoglobulins (data not shown). The labeling procedure required only 1 L and was reproducible. The DNA probe labeled in serum performed as well as control probes labeled in buffer only. It has already been shown that ULS-labeled probes perform as well as probes labeled by standard enzymatic procedures (3 ).
In conclusion, we showed that fluorescent labeling of protein targets as well as nucleic acid targets in serum is possible (target labeling). It has already been shown that nucleic acids can be successfully labeled in whole cell lysates (22 ) ; here we show that ULS has the same ability for protein labeling in relatively nonpure environments. The simultaneous labeling of antibodies and DNA in nonpurified whole serum was sufficient to allow their use in immunochemical and hybridization assays. Because the volume of serum can be scaled down and the immunochemical components can be used without any purification step, the number of labeling reactions could easily be scaled up. This could create an automated two-step method for serum analysis on protein arrays. With the addition of HRP as a ULS marker reagent, sensitive detection with fluorescent substrates would further expand the sensitivity of these arrays. Because nucleic acids can also be targeted, labeling of cell lysates and subsequent analysis by "DNA chips" as well as "protein chips" has become feasible.
